A general equation is deduced for th e free stream ing o f an y gas in an y sloping, rectangular, air-filled gallery. V alues for th e velocities an d accelera tions of freely stream ing firedam p an d hydrogen are calculated from th is equation, an d are com pared w ith experim ental results.
During the study of some problems of mine ventilation it appeared th a t when firedamp was allowed to stream freely up the sloping roof of a gallery, the front of the body of gas moved through the air for a considerable distance without measurable acceleration-a somewhat unexpected finding. This paper gives a simple analysis of the behaviour of such a streaming gas, and describes experiments designed to elucidate the apparent constancy of speed.
The experiments were carried out in a concrete gallery a t the Buxton experimental station of the Safety in Mines Research Board. The gallery is 100 ft. long, 6 ft. high, 5 ft. wide and has a slope of 1 in 10. The gas used was piped through a meter to a flat box supported against the roof a t the closed lower end of the gallery. This box filled the whole width of the gallery, and the gas issued from it as a shallow stream almost 5 ft. wide. The flow up the roof was indicated in the earlier experiments by a row of top-feed safety lamps hung as nearly flush with the roof as was possible and spaced 12 ft. 6 in. apart up the middle of the gallery. Later, feathers and thistledowns ( Cnicuseriophorus), tethered by hairs and fine 'Durofix' (trinitrocellulose) fibres, proved to be more sensitive and adaptable indicators. They cause no perceptible disturbance and respond instantly to very small movements of gas or air.
In 107 experiments, during each of which firedamp poured continuously into the gallery a t some measured rate of entry, the speed of streaming when measured over the stretch from 25 to 75 ft. from the inlet was constant within the rather large limits of experimental error. A summary of the speeds found with various rates of inflow appears in table 1. The points are shown in rela tion to the calculated velocities in figure 1 , and the results of individual experiments are in the appendix.
The behaviour of a much lighter gas was also studied as it seemed likely to help in solving the problem. Table 2 summarizes the results of thirty-three experiments in which hydrogen streamed freely up the roof of the airway. A small acceleration was detected at the highest rate of inflow. 4 6-3 6-0-6-9 0-87 3 7-9 7*8-7*9 0-94 4 9-5 9-4-9-6 0-99 37 1 0 0 9-8-10-3 1-07 7 10-9 10-7-11-2 1-14 These points are shown in relation to the calculated velocities in figure 2 , and the results of individual experiments are in the Appendix.
I t is so usual in everyday life to think in terms of the slow motion of solid bodies in the light fluid air th at the moving mass is often considered in variable. This is not quite true; because unless the solid body moves in a vacuum some part of the surrounding m atter is bound to receive and to retain some part of its momentum and so, inevitably, the moving mass grows. The present work deals with the movement of a body of gas travelling through gas, and here the deeper interplay of the molecules facilitates the transfer of momentum from the moving body of gas to the ambient air. Further, the comparatively slight difference in density between the body of gas and the air magnifies the influence of the growth of the mass on the inhibition of acceleration. Is there, as Helmholtz argued for somewhat similar circumstances, a sharp velocity discontinuity a t some stratum a definite distance below the roof, or does the velocity fade away as the depth below the roof increases ? Thistledown indicators hung at different heights in the gallery have proved conclusively th a t the velocity drops from about 1 ft./sec. to zero in a vertioal distance of less than 1 in., and have shown further th at the steadily moving stream deepens from 8 in. a t the cross-section 25 ft. from the inlet to 14 in. 75 ft. from the inlet, and th a t the velocity of the stream is constant through out its depth. Furthermore, although there is a deeper ' head' a t the front, the depth of the body of the stream a t these two points does not vary by more than f in. whether the rate of inflow is as low as 5 or as high as 20 cu. ft. of firedamp per minute. The depths at these points are the same, indeed, even when hydrogen is the streaming gas.
There is evidence (Richardson 1920; Taylor 1922) th a t the cloud of smoke from a chimney is sometimes a paraboloid whose vertex is a t the chimneytop. This means th a t if a is the radius of any cross-section of the cloud distant 5 from the chimney-top, a = BsK This leads to the conjecture th a t the depth (h ) of the stream in the gallery may vary as sK From the measure ments given above we have two pairs of values of h and s:
This is good agreement, and h = 0-134, si may be taken to be the depth of the stream at any point. The outhne of the stream in the gallery is shown in figure 3 .
The free streaming of gases in sloping galleries
For steady motion up the roof of the gallery the equation of motion may be written
where palr is the density of air (lb./cu.ft.), v is the velocity at any point distant s ft. from the inlet (ft./sec.), p is the pressure (lb./sq. ft.), and X is the extraneous force acting in the direction of the length of the gallery (lb.).
So long as the depth of the gallery is great compared with the depth of the gas stream dp/ds will be small compared with X , and so, in thes cumstances, we may write />a>4<K ) = X.
(2)
X is composed of two parts, one th a t due to the component of gravity which acts in the direction of the length of the gallery, the other th a t due to the transfer of momentum from the moving stream of gas to the still air beneath. The first part may be written Q gs in a 1
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where Q is the rate of inflow of gas into the gallery (cu. ft./min.), pgas is the density of the inflowing gas (lb./cu. ft.), h is the depth of the stream a t any point distant ft. from the inlet (ft.), B is the breadth of the gallery (ft.), and a is its angle of inclination from the horizontal.
The transfer of momentum due to the inclusion of a mass of air of m per sec. into a section of the stream 8s long, moving with velocity v is 8s and the drag per unit volume is mv/h. The change in depth, i.e. (dh/ds) 8s, is due partly to the inclusion of extra air and partly to the alteration in the speed of the stream. Thus the equation of continuity applied to the volume bounded by two sections of the stream distant 8s apart and the base of the stream is dh 7 dv .
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The two parts of X having been evaluated, equation (2) may be rew ritten thus:
P*Uj s (kv')
From (3) Hence (4) whence v3 = %AsiR~1 + const, (s-1).
(?)
Since the initial conditions are not consistent with an infinite velocity at the point of inflow, the constant in (7) (9) and (11) 
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and f («i-«o)2 S°S1 0 -3 8 0^(4 -4 )* (12a) Figure 2 is similar to figure 1, hydrogen instead of firedamp being the streaming gas.
The mean percentage of hydrogen in any cross-section of the stream in the airway is 6-54 * W hen safety lam ps were used as indicators th e one d ista n t 37-5 ft. from th e inlet was extinguished b y each 20 cu. ft./'min. stream , b u t th e lam p 50 ft. from th e inlet was never extinguished. The calculated percentages of firedam p present are ta b u la te d below:
calculated m ean Q distance from percentage of (cu. ft./m in.) inlet (ft.) firedam p in stream 20 37-5 5-5 50 4-5 75
1-8 Table 3 shows the calculated mean speeds of streaming in different sec tions of the gallery for inflow rates of 10 cu. ft./min. of firedamp, and of 9*5 and 20 cu. ft./min. of hydrogen. I t also shows the corresponding calculated and observed times taken in traversing the sections. I t may seem strange th a t throughout this paper, although the constant in the equation for the depth of the moving gas stream, is the only arbitrary parameter introduced, there has been no mention of diffusion, viscosity, or skin friction against presumably the airway. No doubt all these do retard the stream. Presumably they account for the fact th a t the speeds calculated from the simple equation are about one-fifth higher than the observed speeds.
That R remains the same for gases as dissimilar as firedamp and hydrogen suggests th at it may depend only upon the viscosity of air and upon the degree of inclination of the gallery. Dimensionally, the equation h = Rs* should be of the form h -constants*^. I t is likely th at the influence of Q * is masked by the narrow range of inflows considered.
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